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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH
Taher Daud, Chairman

Progress raports on resesrch in high-efficiency silicrn solar cells were
presented Dy eight contractors and JPL. The presentations covered the issues
of Bulk and Surface Loss, Modeling, Measurements, snd Proof of Concept.

T%+ University of Florida's thecretical work on heavily doped silicon included
¢ energy-gap model, which was ~ompared with photoluminescert and transport
dats. A majority carrier screening model, originally pubii:.hed by C.T. Seh in
1666, was presented with modificeticns. Improvement in the short--circuit
current decay and open-circuit voltage decay measurement methods were
described.

The University of Pennsylveuia described end compared various methods of
neasurement of L or T and s, specielly in the froat region of the cell.
Basic requirements, types cof psramctecs and classification of the methods
regarding various options were givan. Sensitivity analysis of
light-besm-induced curreni (LBIC) method was presented.

Corneil University Zescribed its work on dislocations &nd grain boundarles
using the electron dif{fraction technique. Cornell’s studies on EFG showed
that low concentrations of oxypsen introduced a higher density of twias.
Distribution snd location .i precipitates in processed EFC were also studied,
using TEM anc ®DX,

A comprehensive review of oxygen-rclated and carovon-related defects
presented by Stats University of New York at Albany. I% was polinted -nat
oxygen 18 & bLouc-tenvered intorstitial, which ir mobile, whereas card 18
relatively ismobile, being ¢ nutstitutional impurity in silicon. Dats on
diffusion of cxygen a2:4 various oxide precipitate forwstions were described
alony, with their boading behavior. Other impurities react with oxygen and
carton-relsted drfuccs during processing and w«re therefore importent for
silicon solar cells.

Roreerch T-iangle Instltute described its effort on the comprehensive modeling
of solar cells end elsborated on its analysis of the charge distribution in
the quasineutcel region by consideringe &« Gaussian doping profile in the
emitter vegior. TNesults of measurement vit ¢sllu made Ly Spire Corp. were
compared with the simulated analysis, and a 6.4% correspondence was shown for
data taken &t temp~ratures varying from 28°C to 150°C. Other simulation

plots of photo-excited hole concentration an/ neat charge dietribution were
also discussed,

Anant Mokashi of JPL described etudles using Purdue Research Foundation's
SCAPLID simulscion program. A good mstch was obtained between his result and
MINP solar-cell date published in the literature. The doping profile in the
front region was then altered to show its effect on efficiency. Sensitivity
analysis with 8§, T, BSF and c<ll thickness was also described.
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The University of Washington uescribed its study of the effects on SiMN.
surface passivetion of gas flow and temperature in the plasma enhanced CVUD
system. Specisl device structures for interfa~e studies, along with e
description of preparation technigues, were described. Surface state density
results were good for devices prepared using the RTA clcsning procedure and
fabricated with g thin cxide and nitride layer and anneslaed -% 450°C. The
layers were fabricated with a subetrate temperature of 270°C. Spectra)
response snalysis was also given for thegse devices. Resul's of electrical
chavacterization and theoretical analysis were described for an MINP cell. A
procedure for preparing 25% ci l1s was described.

C.T. Sah Associates described its ytudy of important loss mechanisms foi
>20% and <20% cells. ¥For <20% cel” . dark currents below 10-13

A’cm? will be required. Preseni ce:ls are limited both py emitier and base
recombination wechanisms. Tu rcach 25% efti.iency, SRH and interband Auger
recombinstion mechaaisms will have to be reduced.

In its effort on high-efficiency solar cells made from silicon web,
Westinghouse has iuvestigated loss mechanisms and fermulated an analytical
model to study the effect of a twin plane on V,.. It shows a fail of V,,

by 20 mV with a twin plane having za interface recowbination velocity of 106
cm/g. Electrical activity of a twin plane is studied on bevelled web material
with the LBIC method. Further, it was shown that so0 web samples showed
increases in Jdiffusion length with tempervature cycling. Thesc diffusior
length data were compared with those froit similar temperature cycling of FZ
silicon material.
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